Kefir is a fermented dairy product with the increasing interest for commercial production due to its benefits to human health. It is produced by the combination of alcoholic and lactic fermentation caused by the activity of kefir grains microbiota. Microbiological and chemical changes during the fermentation are driven by the activity of lactic acid bacteria and yeasts present in kefir grains. This paper describes the changes which occur during the kefir fermentation produced by the so-called "Russian method". In this two-phase fermentation, the increase in the number of lactic acid bacteria and yeast was observed. The activity of lactic acid bacteria led to the accumulation of organic acids and, consequently, to the pH value decrease. This process was followed by the lactose consumption, as the main energy source for microorganisms. On the other hand, yeasts present in the kefir culture induced the increase of the CO 2 content during both phases of fermentation. The application of this process can reduce the time needed for the kefir production without the reduction of its desirable sensory characteristics.
Introduction
Kefir is a fermented dairy product produced by the combination of lactic and alcoholic fermentation induced by kefir grains or kefir cultures in various kinds of milk. Kefir grains are a mix of different microorganisms in polysaccharide matrix consisted of more than 50 different bacterial and yeast strains and a few strains of filamentous fungi [1, 2] . The most abundant bacterial strains in kefir grains belong to lactic acid bacteria (LAB) [2] . LAB population comprises 65-80% of total microbiota of kefir grains. Kefir grains consist of lactococci, streptococci and approximately 74% of heterofermentative and 26% of homofermentative lactobacilli. Also, up to 10 5 CFU/g acetic acid bacteria and 10 4 -10 5 CFU/g yeasts can be isolated from kefir grains [3] .
The kefir production can be performed by three different methods. A traditional method involved inoculation of milk directly with 2-10% of kefir grains and fermentation for 24 h at the temperature of 20-25 °C. The increase in the production scale led to the development of the twophase "Russian style" kefir production. The traditional way of the production was used in the first phase, while afterwards the grains were separated, and percolate was used for the second phase. For second inoculation, 1-3% of percolate was used. Today, the industrial production of kefir relies on the use of various complex starter cultures [4, 5] . Although starter cultures ensure the stability in the production process, this method has some drawbacks.
The disadvantage of the use of starter cultures mainly refers to the lack of taste, in comparison to the traditionally made product [5] .
Due to the microbial composition of kefir grains, the main metabolites of the kefir fermentation are lactic acid, CO 2 and ethanol. Different spectroscopic and chromatographic analyses have confirmed the presence of organic acids and volatile compounds which have a primary role in the aroma formation, despite the fact that they are present in relatively low concentrations. Besides lactic acid, citric, acetic, propionic, butyric and pyruvic acid were also detected. The main volatile compounds which contribute to the aroma formation are identified as acetoine, acetaldehyde and diacetile [6] . The fermentation process and the amount of main metabolites can be determined by various methods [7] .
Tunable diode laser absorption spectroscopy (TDLAS) represents a very precise technique for measuring the concentration and temperature of gaseous molecules for both scientific and industrial purposes [8] . It measures the attenuation of the laser beam during its route through the measuring region [9] . TDLAS uses a high spectral resolution and a tunable diode laser as a light source [10] and it can be successfully used for food industry measurements [9] .
The aim of this work was to monitor microbiological and chemical changes during the two-phase fermentation 8(1) (2019) 05-09 of kefir. The changes of the CO 2 content in the headspace above the fermented milk was monitored by the instrument based on TDLAS technology.
Experimental
Kefir fermentation Kefir fermentation was performed as a two-phase process in a 500 ml volume bottle equipped with a vent so the sampling could be performed aseptically without the release of the accumulated CO 2 . In the first phase, 6 g of kefir grains were inoculated into 300 ml of sterile cow milk ("Imlek", Belgrade, Serbia) with 3.2% milk fat and incubated for 24 h at 25 °С. After the fermentation, kefir grains were sieved and the percolate was inoculated into 300 ml of sterile milk in the concentration of 3% v/v. The second part of fermentation was carried out at 25 °С for 14 h. During both phases of fermentation, pH values were measured in time intervals of 2 h using a pH meter (Hanna Instruments HI 9052, Lisbon, Portugal).
Determination of CO 2 content
The CO 2 content in the space above the fermented milk was determined by the device based on TDLAS technology, as already described by Danilović et al. [11] . Measurements were done in triplicate in time intervals of 1 h. The results present the mean values of three measurements.
Microbiological analysis
For microbiological determinations, the samples of fermented kefir were serially diluted in saline (0.8 g/l NaCl) and 0.1 ml of the appropriate dilution was transferred on MRS agar ("Torlak", Belgrade, Serbia) and Sabouraud maltose agar ("Torlak", Belgrade, Serbia) plates for the determination of the number of LAB and yeasts, respectively. Inoculated plates were incubated at 30 °C for 48 h and enumerated. Experiments were performed in triplicate and data represent the mean values.
HPLC analysis Organic acids and sugars contents were determined by the method of Güzel-Seydim et al. [6] . Kefir samples (4 g) were mixed with 25 ml of 5 mM H 2 SO 4 and then centrifuged for 15 min at 5000 rpm. Supernatant was separated, filtered through the 0.45 μm syringe filter and analyzed with Agilent 1100 Series system (Waldbron, Germany). Organic acids and sugars were separated on Aminex HPX-87H column (7.8×300 mm, Biorad Laboratories, USA) thermostatted at 50 °C. The sample volume of 20 µl was injected into the mobile phase consisted of 5 mM H 2 SO 4 under the flow rate of 0.6 ml/min using the isocratic elution. The separated components were detected by UV (set at 214 nm) and RI detectors. The identification of the components was based on the retention time comparison with the retention times of the authentic standards. Organic acids and sugar concentrations were calculated from the calibration curves constructed by using the appropriate standards. 
Results and discussion
The change of the number of LAB and yeasts (Fig. 1a  and 1b) indicates the increase in the number of these microorganisms. During the kefir fermentation inoculated with kefir grains, the number of LAB increased for 17 h, reaching the value of 8.7 log CFU/ml. After that period, a slight decrease in the number occurred until the end of fermentation while, at the same time, the number of yeasts increased and reached the maximum value of 5.4 log CFU/ml (Fig. 1a) . In the second phase of fermentation, a constant increase of LAB number from 5 log CFU/ ml to 8.7 log CFU/ml can be observed. The yeast growth in this phase was slower and the final value was 4.6 log CFU/ml (Fig. 1b) . The results obtained for the number of LAB were in accordance with the investigation of Chen et al. [1] who determined the LAB number of 8.0 log CFU/ml and the yeast number of 6.3 log CFU/ml in the kefir made from goat milk and inoculated with kefir grains. On the other hand, Su Oh et al. [12] enumerated the LAB number of 10 log CFU/ml and the yeast number of 4 log CFU/ml in the kefir made from pasteurized cow milk inoculated with commercial kefir starter cultures.
After 12 h of the first phase fermentation, the CO 2 content in the headspace of the milk inoculated with kefir grains increased from 0.1% to 0.5% (Fig. 1a) which is in accordance with the increase of the yeast number (Fig.  1a) . The continuation of the process was characterized by a rapid increase of CO 2 up to 2.2% (Fig. 1a) . Similar results were reported by Zhou et al. [13] where the concentration of CO 2 in the space above the Tibetan kefir was 2.1%. In the space above the milk inoculated with kefir percolate, the initial concentration of CO 2 was 0.2% (Fig.  1b) . The increase of the CO 2 content was mostly constant with the final value of 0.7% (Fig. 1b) . The increase in the CO 2 content in fermented dairy products is mainly the consequence of the yeast activity [11] .
During both fermentation phases, pH values decreased ( Fig. 1c and 1d) . At the beginning of fermentation, pH values of milk after the inoculation with kefir grains or percolate were 6.7 and 6.6, respectively. The pH value decrease is the consequence of organic acids accumulation during the fermentation [14] . During the first phase, microorganisms of kefir grains adapted the environment of the cow milk and the pH value decreased to the value of 4.1 (Fig. 1c) . Similar was observed with the fermentation of Brazilian kefir inoculated with kefir grains where the final value of pH after 24 h was 4.4 [15] . In the second phase of fermentation, microorganisms did not show a high activity in the lactic acid production until the 4 th hour of fermentation, so there was no intense change in pH value. However, after that, a constant decrease of pH has been observed with the final value of 4.4 after 14 h of fermentation (Fig. 1d) . A similar pH value was observed during 18 h of the kefir fermentation [16] . Additionally, the pH value of 4.4 has been reported as a desirable final value for the kefir fermentation [17] . Since similar pH value was achieved during 24 h of fermentation with kefir grains and during 14 h of fermentation with kefir percolate, it can be concluded that microorganisms of percolate were more adapted to the environment. Both values are in accordance with the data that pH value of fermented kefir should be in the range from 4.2 to 4.6 [14] .
Main metabolites during the kefir fermentation are lactic acid, CO 2 and ethanol, but because of the diversity of microbial population in kefir grains, different byproducts (acetic, citric, butyric or propionic acid) can be detected [15, 18] . During the fermentation, the content of the metabolites increases due to the lactose utilization by kefir grains microbiota. Lactose is the main carbon source in milk, and it can be easily degraded by some strains of Streptococcus [6] which are often isolated from kefir grains [2, 19] . The initial concentrations of lactose in milk right after the inoculation with kefir grains and kefir percolate were 34.8 mg/ml and 37.8 mg/ml, respectively (Fig. 1c and 1d) . During the first phase of fermentation, the lactose concentration decreased rapidly after 12 h of fermentation (Fig. 1c) in accordance with the rapid increase of the LAB number (Fig. 1a) . During the same time, a decrease in pH value was observed together with the accumulation of the main metabolite, lactic acid (Fig. 1c) . At the end of the first phase of fermentation, the lactose concentration was 26.7 mg/ml indicating that 23% of lactose was utilized. This value was similar to the previously reported value for the fermentation of Brazilian kefir produced by direct inoculation with kefir grains, where the lactose utilization was 24% for the first 24 h [18] . In the second phase of fermentation, the lactose intake starts after 4 h (Fig. 1d) together with the increase of the LAB number (Fig. 1b) and the lactic acid concentration (Fig. 1d) . Rapid accumulation of lactic acid leads to the decrease of pH value (Fig. 1d ) after 4 h of fermentation. The final concentration of lactose was 32.8 mg/ml (Fig. 1d) . A similar result (31.1 mg/ml) was obtained for the kefir fermentation of skimmed cow milk [20] . The final content of lactic acid in the first phase was 6.5 mg/ml (Fig. 1c) , and in the second it was 6 mg/ ml (Fig. 1d) . The obtained values were almost three times lower than the value reported for Brazilian kefir fermentation [15] . This can be explained by a much higher LAB number in the analyzed Brazilian kefir (12.41 log CFU/ml) compared to the results reported in this paper.
Table1. Changes in citric, malic and acetic acid concentration during the two-phase fermentation of kefir Citric acid (Table 1) was detected in the first phase of fermentation in a small concentration, 1.26 mg/ml, which is lower than previously reported, 2.7 mg/ml [18] . The concentration of citric acid decreased to 0.9 mg/ml after 24 h 8(1) (2019) 05-09 of fermentation, which is in accordance with the results published by Leite et al. [18] . The concentration of citric acid in the second phase of fermentation was almost constant with the average value of 1.24±0.05 mg/ml (Table 1) . Citrates present the most favorable substrate for diacetyl formation, one of the main aroma components in fermented milk. The constant value of citric acid was also reported during the fermentation of kefir made by direct inoculation of kefir grains into the full fat pasteurized cow milk [6] .
Malic acid was not detected at the beginning of fermentation, but it was observed after 13 h of fermentation of milk inoculated with kefir grains and after 6 h of fermentation of milk inoculated with kefir percolate, and remained at the level of 0.25-0.41 mg/ml (Table 1) . Other investigation reported a higher concentration of malic acid in the kefir made from goat milk (3.1 mg/ml) than in the kefir made from cow milk (0.1 mg/ml) [21] .
Similar was observed for acetic acid, detected in a very small concentration after 15 h and 12 h in the first and the second phase of fermentation, respectively (Table 1) . According to the research of Soupioni et al. [22] acetic acid was usually detected after 18 h of the kefir fermentation.
Conclusion
Kefir represents a functional drink with potential probiotic properties. Monitoring of the chemical and microbiological composition can help to understand the changes which occur during the kefir fermentation. The activity of LAB led to the utilization of lactose and consequently, the production of lactic acid as the main metabolite causing the reduction of pH value. After the pH value drop, the yeasts number increased resulting in the increased CO 2 content. The two-phase fermentation process for the kefir production resulted in similar changes of the pH value and number of LAB at the end of fermentation. This process could allow the reduction of the time needed for the kefir production because microorganisms in kefir percolate are already adapted to the environment in the fermented kefir.
